Abstract: Lazy K Marsh was constructed in 1999 to enhance habitat for wetland dependent wildlife in Teton Valley Idaho. The project received broad financial support because of the unique, sensitive and threatened wildlife resources being targeted. Teton Valley's 27,000 acres of wetlands are home to fall staging sandhill cranes (Grus canadensis), breeding long-billed curlew (Numenius americanus), wintering trumpeter swans (Cygnus buccinator), short-eared owls (Asio flammeus) and large concentrations of migrating waterfowl including pintails (Anas acuta). Our primary goal was to create waterfowl brood-rearing and shorebird habitat. Secondary goals included establishing dense nesting cover for resident waterfowl and food plots for spring migrating sandhill cranes. Revegetating the project area was daunting with nearly 30 ac. of constructed marsh. We developed cost-effective techniques for establishing emergent marsh, sub-merged aquatic and upland grass communities in areas historically used for livestock grazing.
Introduction
Wetlands cover an estimated 27,000 ac. of Teton Valley Idaho (USFWS Nat. Wetlands Inventory 1991), a large extent by western intermountain standards. Most wetlands occur in flat bottomlands along the Teton River. Since settlement in the late 1880's farmers have extensively flood irrigated Teton Valley for crop and forage production, which is thought to have played a significant role in wetland development. Recent changes in irrigation (e.g. flood to sprinkler, farming to subdivisions) may be reversing this trend as less water is being applied to recharge the shallow groundwater aquifer and sustain some wetland areas.
Sub-irrigated, sedge-dominated wetmeadows and willow dominated scrub-shrub wetlands are the prevailing wetland types. In concert with grain production, wetlands support a diverse assemblage of wildlife including unique concentrations of resident and migratory waterfowl and shorebirds. Teton Valley is an important staging ground for Rocky Mountain Population sandhill cranes but populations are declining due to habitat losses from development and changes in agriculture. September staging counts between 1984-87 averaged 4,830 cranes, similar counts during 1995-97 averaged 1,517 cranes, a 68.6% decline over 10 years (Drewien et al. 1999 ).
Teton Valley is also part of the Core Tri-State Area for Rocky Mountain Population Trumpeter Swans, providing historically important wintering ground (Pacific Flyway Study Subcommittee 2002) . There has never been documented swan nesting in Teton Basin; suitable habitats may be limiting. A major management objective is to increase the swan population size and productivity by providing adequate nesting and brood rearing habitats. Lazy K Marsh was designed to provide suitable swan nesting and brooding habitat. Developing restoration techniques that improve the quality and quantity of emergent and submerged aquatic macrophytes is critical in this regard. Other wildlife that could potentially benefit from enhancement efforts includes sensitive shorebird species like long-billed curlews and willets (Catoptrophorus semipalmatus) that nest in relatively high numbers in Teton Valley and large numbers of spring migrating waterfowl, including northern pintails.
Habitat loss and degradation due to changes in irrigation practices and increased land development has stimulated interest in construction and establishment of wetlands and uplands for wildlife. In 1999 Intermountain Aquatics Inc., working with a willing landowner and state, federal and non-profit funding partners designed and constructed Lazy K Marsh a 30+ ac.
shallow impoundment near the Teton River.
The primary project goals were to create waterfowl brood-rearing and shorebird foraging habitat. In North Dakota (Weller and Spatcher 1965) found maximum bird numbers and diversity when a well-interspersed cover-water ratio of 50:50(hemi-marsh) occurred. Because the dominant introduced pasture grasses would die when inundated, we needed to rapidly establish emergent vegetation to achieve this condition. Secondary goals were to improve upland nesting conditions and establish barley food plots for migrating sandhill cranes.
Waterfowl use of dense nesting cover (DNC) has been widely documented in the prairie pothole region but little has been reported for the intermountain western U.S. Average nest initiation for Teton Valley ducks is May 20 (Cavallaro 2002), which means most birds are nesting in residual cover from the previous year. Snow pack has a significant affect on vegetative structure; many plants stand-up poorly to the snow and are matted come spring. Matted vegetation provides little structure for nesting birds. Robel (1971) described the ideal condition when residual cover (in Spring) provides 100% effective screening up to a height of 20 cm or more. We decided to plant a mix dominated by native cool season grasses and selected species of primarily wheat grasses and wild ryes based on observations at reference sites.
Study Area
Teton Valley lies in southeast Idaho at approximately 6200 ft. elevation and is encircled on three sides by mountain ranges including the Tetons to the west. Short dry summers and long cold winters characterize the climate; the average annual temperature is 40°F and average 
Methods

Planning
Before a decision was made about wetland size we calculated a water budget, which was largely motivated by water availability and soil seepage rates. We had roughly 2.2 ft.
3 /sec. (cfs) of surface irrigation water and needed to determine how much surface we could inundate and still maintain the desired habitat types. Because the ground was flat, inundation was more cost effective than excavation. To control costs we planned on lining with native soils rather than geosynthetics or bentonite. We completed a geotechnical analysis of substrates and monitored water levels in a series of shallow groundwater wells for roughly 14 months in advance of construction. Based on test results the final project was designed for a maximum pool of roughly 30 ac. We decided to ignore potential groundwater inputs and instructed the excavation contractor to avoid areas of underlying gravel. Constructing the dike across natural drainage ways and diverting surface irrigation water would maintain wetland hydrology.
Construction
Approximately 4000 ft of dike was built to construct the marsh. In addition we constructed a peninsula to increase habitat edge and provide areas for waterfowl loafing. A large excavator, articulated dump trucks and a LGP dozer were used to build the dike and grade habitat areas.
We stripped and stockpiled the organics from the dike footprint and built the dike core with native sub-soils borrowed from several small excavations inside the normal high water line.
Most of the dike consisted of "track-packed" silty clay loams constructed with 6" lifts because conditions were too wet to operate a sheepsfoot compactor. The dike front and back slopes were built to 4:1 to maximize open-water but also allow seeding equipment to operate on contour.
Clay collected from a small wetland was used to face the dike in the deepest areas and line excavations that intercepted permeable gravels. The dike was fitted with a flashboard riser type water control structure designed to pass expected high flows and allow for periodic basin draw down. The peninsula was constructed with subsoils and capped with 2-4" of salvaged upland coversoil. Careful construction monitoring ensured that a seal was maintained.
Salvaged topsoil was distributed over the dike and all borrow areas and re-graded to provide a seedbed. The disturbance area outside the dike was minimized to avoid excessive revegetation efforts and limit the potential for new weed invasions. Equipment mobilization was limited to the dike or below the high water mark. The impoundment covers roughly 30 ac at full pool; 10-15 ac. are less than 2 ft. deep. By late summer the pool drops to approximately 20 ac.
but the relative proportion of shallow to deep water does not change significantly. Wetlands. Herbaceous wetlands were seeded and/or planted with nursery-propagated 3.5 in 3 and 10 in 3 tublings and bareroot propagules depending on the species and hydrologic regime. We hand-broadcast seeded a mix of native species between the normal and high water marks along the dike, disturbed shoreline reaches and the entire peninsula. The seedbed was scarified prior to seeding and then rolled with a Schmeiser packer following seed application. Isolated areas incidentally disturbed during construction were also seeded. The peninsula was re-seeded annually in an effort to establish cover on bare areas.
Certain herbaceous wetland reaches were also plugged with tublings at high density to rapidly establish emergent vegetation stands along the wetland fringe and in shallows. Over 
Results
Revegetation:
Uplands. Seed germination and seedling emergence was ≥ 75% on salvaged wetland coversoils and ≤ 30% on salvaged upland coversoils. Salvaged wetland coversoils were much higher in soil organic matter (SOM) in the form of peat. In one location at the north end of the dike we Plugged emergent plants were slow to establish and survival of stands was highly variable.
Overall survival for Hardstem bulrush was estimated at < 50% for all years. Waterfowl caused much of the damage; Canada geese regularly pulled up plants to eat tender rhizomes. Emergent wetland stands that established the year they were planted over-wintered and began to spread slowly by the second growing season. Nebraska sedge, beaked sedge (Carex rostrata), creeping spikerush (Eleocharis fallax) and baltic rush all established and survived well. Nebraska sedge and Baltic rush also established well from propagules (i.e. rhizomes) in the salvaged wetland cover soils. Hardstem bulrush was more difficult to establish but generally bareroot plants or larger tublings did best. Wetland Sod planted to control erosion on the windward side of the peninsula survived and grew well despite waterfowl herbivory. Expansion outside the initial sod footprint was > 100% after 3 years for Alkali bulrush; Hardstem bulrush mats also spread but at a slower rate. Wetland Sod may provide the most cost-effective revegetation in areas susceptible to extreme waterfowl herbivory.
Duck potato transplanted from the Henrys Fork Snake River survived well but spread has been very slow. Overall, spread has been about 100% after 4 years. Muskrats heavily damaged commercially sourced duck potato immediately following planting. After we replanted and protected the plots with wire mesh on all sides the plants established and grew well.
Sago pondweed has naturally invaded and slowly spread in some areas, however total coverage after 4 years was < 10%. Competition with other submerged plants (e.g. Chara) seems to be a significant factor impeding the spread of this species; wave damage may also play a role.
Sago may be limited by wave activity at Lazy K Marsh. Carter et al. (1985) found that sago plants can be washed out of fine textured bottoms by wave activity. Transplanted commercially supplied sago pondweed tubers did very poorly and mortality was estimated at greater than 90% across the test plots.
Except for the deepest areas of the marsh willows that were left in place and inundated are still alive after 4 years. Willows that died are still standing and provide excellent cover for passerine birds. Natural basin draw down and subsequent soil oxidation in late summer and through winter may be sufficient to sustain willows inundated for much of the growing season. We located 2 duck nests in unimproved habitat and 1 gadwall nest in seeded DNC in 2002.
In addition we located a short-eared owl and long-billed curlew nest. 
Discussion
Wetlands at Lazy K Marsh provide habitat for a variety of wetland-dependent birds and waterfowl. Most notable has been the development of a large, fall-staging roost for sandhill cranes and nesting season use by a pair of trumpeter swans. We think increased wildlife use is attributed in large part to active establishment of wetland vegetation, associated upland nesting cover and foodplots. Vegetation establishment was not without challenges. Herbivory, primarily by Canada geese but also by muskrats was a major impediment to achieving revegetation success. We recommend complete goose exclusion with fencing to control damage during plant establishment. We achieved best results with metal "t" posts and snow fencing.
Muskrats consumed commercially supplied sago pondweed tubers, which limited establishment.
We failed to establish sago pondweed after one growing season even after muskrats were excluded. Sago is establishing naturally but at a very slow rate.
Plant material type was an important variable for wetland plant establishment. For emergent species like sedges, bulrushes and creeping spikerush we had the best success with vegetative propagules (whole plants, rhizomes) and poor results from seed. Seed was effective at establishing some hydric grasses (e.g. tufted hairgrass). Hardstem bulrush established best from bareroot stock, which may be related to relatively well developed below ground biomass (i.e. rhizomes) inherent with bareroot material. Wetland sod was very effective at establishing emergent wetland plants in erosion prone areas and was not protected from geese. We attribute wetland sod success to starting with a well developed plant community and protection afforded by the coconut fiber pillow.
Canada goose herbivory also affected upland revegetation, we recommend excluding geese from newly seeded uplands adjacent to wetlands if possible. Barley foodplots were initially slow to establish because of weed competition from Canada thistle and relatively poorly seedbed preparation the first year. After the second year we saw increased wildlife use of the foodplot. Foodplot grain production was best in year three; sandhill cranes and Canada geese regularly foraged there throughout the autumn.
We plan to continue our wildlife monitoring efforts at Lazy K Marsh in the coming years and efforts are currently underway to learn more about enhancement and restoration of submerged aquatic wetland plant communities. 
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